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Alterations of mitochondrial membrane potential (MMP), reactive
oxygen species (ROS) and mitochondrial respiration are possible
triggers of pulmonary vascular remodeling in pulmonary hypertension
(PH). We aimed to investigate the role of MMP in PH.We hypothesized
that deletion of the mitochondrial uncoupling protein 2 (UCP2)
increases MMP thus promoting pulmonary vascular remodeling.
MMP was measured by JC-1 in isolated pulmonary arterial smooth
muscle cells (PASMC) of patients with PH and animals with PH
induced by exposure to monocrotaline or chronic hypoxia. PH was
quantiﬁed in vivo in UCP2 deﬁcient mice (UCP2−/−) by hemodynam-
ics, morphometry and echocardiography. ROS were measured by
electron spin resonance spectroscopy and proliferation by thymidine
incorporation. Mitochondrial respiration was investigated by high
resolution respirometry.
MMPwas increased in both, PASMCof patients and animalmodels of
PH. UCP2−/− mice exhibited enhanced pulmonary vascular remodel-
ing compared to wild type (WT) mice. PASMC of UCP2−/− mice
showed increased proliferation, MMP and ROS release. Increased
proliferation of UCP2 deﬁcient PASMC could be attenuated by ROS
inhibitors and inhibited by FCCP, which decreasedMMP to the level of
WT mice. Mitochondrial respiration was altered in animal models of
PH, but not in isolated pulmonary mitochondria of UCP2−/− mice or
PASMC after treatment with siRNA for UCP2.
Our data suggest that increased MMP causes vascular remodeling
in UCP2−/−mice. In chronic hypoxia and MCT induced PH additional
pathomechanisms like decreased respiration play a role.
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Physiological uncoupling is designed to prevent the overproduction of
Reactive Oxygen Species (ROS). Physiological uncouplers may be
unspeciﬁc pores, protonophores or non-pumping respiratory enzymes
[1]. Each of the species of yeast that has been studied expresses at least
one uncoupling system. In addition, a given system present in two
different speciesmay bemodulated by differentmechanisms. Uncoupling
proteins probably arose from the oxaloacetate carrier, (OAC) which
acquired a protonophoric function through the mutation of a Tyr residue.
Thus, the OAC is speciﬁc in S cerevisiae, while it can move both protons
and dicarboxylates in Y lipolytica [2]. A second example of an
uncoupling system is the branched respiratory chain from Y lipolytica
where the interaction of the alternative enzymes NADH dehydroge-
nase type II (NDH2) and the alternative oxidase (AOX) is regulated
providing different levels of non-productive electron transfer to
oxygen, as needed by the cell [3]. While the branched respiratory
chain in D hansenii seems to be constituted by the same elements as
the Y lipolytica chain, the pattern of non-productive electron control
seems to be dependent of the induction of AOX instead of a control in
enzyme interactions (Cabrera et al., in Preparation). It is proposed
that in mitochondria from different species, physiological uncoupling
mechanisms have evolved independently.
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Uncoupling proteins (UCPs) function in the mitochondrial inner
membrane and represent mitochondrial anion carrier protein
(MACP) family. UCPs mediate an inducible, purine nucleotide-
inhibited proton leak that dissipates the proton electrochemical
gradient generated during the oxidation of respiratory substrates.
Non-enzymatic and self-propagating process of membrane lipid
peroxidation is induced by reactive oxygen species (ROS). 4-Hydroxy-
2-nonenal (HNE) is identiﬁed as themost abundant end product of lipid
peroxidation aswell as speciﬁc activator of vertebrate and plant UCPs to
decrease mitochondrial ROS production through mild uncoupling.
We studied the effect of exogenously generated superoxide and
exogenous HNE on the activity of UCP of unicellular organism such as
amoeba A. castellanii. Superoxide-generating xanthine/xanthine oxi-
dase system was ineffective but exogenously added HNE did induce
speciﬁc and GTP-sensitive mitochondrial uncoupling mediated by
A. castellanii uncoupling protein (AcUCP). In non-phosphorylating
mitochondria, AcUCP activation by HNE was demonstrated by
increased oxygen consumption accompanied by a decreased mem-
brane potential and ubiquinone reduction level. In phosphorylating
mitochondria, the HNE-induced AcUCP-mediated uncoupling de-
creased the yield of oxidative phosphorylation. The efﬁciency of GTP
to inhibit HNE-induced AcUCP-mediated uncoupling was regulated
by the endogenous ubiquinone redox state.
Our results provide an evidence for the universality of HNE-
induced UCP-mediated mitochondrial uncoupling among eukaryotes.
This study also supports the idea that the ﬁrst and ancestral function
of UCPs could be the attenuation of mitochondrial ROS production
through a negative feedback loop involving membrane lipid perox-
idation products as a late response to the elevated ROS level. The
rapid response through the membranous ubiquinone redox state could
directly regulate the sensitivity of theHNE-induced (and free fatty acid-
induced) UCP activity to purine nucleotides.
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